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MIS 103e~864 1998 11 13 D2 
TITLE OF INVENTION 

ALPHAVIRUS VECT ORS FOR PARAMYXOVIRUS VACCINES 

5 

FIELD OF INVENTION 
The present invention relates to the field of 
paramyxoviridaa vaccines and is particularly concerned 
with vaccines comprising DNA encoding the fusion (F) 
10 protein of respiratory syncytial virus (RSV) in an 
alphavirus vector. 

BACKGROUND OF THE INVENTION 
Human respiratory syncytial virus (RSV) has been 
identified as a major pathogen responsible for severe 

15 respiratory tract infections in infants, young children 
and the institutionalised elderly (refs, 1,2,3,4 
throughout this application, various references are 
cited in parentheses to describe more fully the state of 
the art to which this invention pertains. Full 

20 bibliographic information for each citation is found at 
the end of the specification, immediately preceding the 
claims. The disclosures of these references are hereby 
incorporated by reference into the present disclosure) . 
Global mortality and morbidity figures indicate that 

2 5 there is an urgent need for an efficacious RSV vaccine 

(refs. 5,5). m the USA alone, approximately 100,000 
children are hospitalized annually with severe cases of 
pneumonia and bronchiolitis resulting from an RSV 
infection. Inpatient and ambulatory care for children 

3 0 with RSV infections has been estimated to cost in excess 

of $340 million each year in the USA. The World Health 
Organization (WHO) and the National Institute of Allergy 
and Infectious Disease (NT AID) vaccine advisory 
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committees have ranked RSV second only to HIV for 
vaccine development . Both the annual morbidity and 
mortality figures as well as the staggering health care 
coets for managing RSV infections have provided the 
5 incentive for aggressively pursuing the development of 
efficacious RSV vaccines. However, such a vaccine is 
still not available. 

Formalin- inactivated (FI-RSV) and live attenuated 
RSV vaccines have failed to demonstrate efficacy in 

10 clinical trials Crefs. 7,8,9,10). Moreover, the 

formal in -inactivated RSV vaccine caused enhanced disease 
in some children following exposure to wild- type RSV 
iref s . 7,8,9,. 10), Elucidation of the mechanism \s) 
involved in the potentiation of RSV disease is important 

15 for the design of safe RSV vaccines, especially for the 
seronegative population . Recent experimental evidence 
suggests that an imbalance in cell -mediated responses 
may contribute to immunopotent iation . Enhanced 
histopathology observed in mice that we.is immunized with 

2 0 the FX -RSV and challenged with virus could be abrogated 
by depletion of CD4+ cells or bcth int e r 1 euk in - 4 ( IL-4) 
and IL- 10. 

The RSV fusion (F) glycoprotein is one of the major 
immunogenic proteins of the virus . This envelope 

25 glycoprotein mediates both fusion of the virus to the 
host cell membrane and cell - to- cell spread of the virus 
(ref . 1) . The F protein is synthesized as a precursor 
(F„) molecule which is proteolytically cleaved to form a 
disulphide- linked dimer composed of the N- terminal F 2 

30 and C-terminal F L moieties (ref, 11) . The amino acid 
sequence of the F protein is highly conserved among RSV 
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subgroups A and B and is a cross -protective antigen 
(refs. 6,12). In the baculovirus expression system, a 
truncated secreted version of the RSV F protein has been 
expressed in Trichopluaia nl insect cells (ref • 13). The 
5 recombinant protein was demonstrated to be protective in 
the cotton rats (ref. 13). 

Studies on the development of live viral vaccines 
and glycoprotein subunit vaccines against: parainfluenza 
virus infection are being pursued. Clinical trial 

10 results with a formalin-inactivated PIV types 1,2,2 
vaccine demonstrated that this vaccine was not 
efficacious {refs. 14 , 15, 16) . Further development of 
chemically- inactivated vaccines was discontinued after 
clinical trials with a formalin- inactivated RSV vaccine 

15 demonstrated that not only was the vaccine not effective 
in preventing RSV infection but many of the vaccinees 
who later become infected with RSV suffered a more 
serious disease ♦ Most of parainfluenza vaccine research 
has focused on candidate PIV- 3 vaccines (ref. 17) with 

20 significantly less work being reported for PIV-l and 
PIV-2. Recent approaches to PIV-3 vaccines have 
included the use of the closely related bovine 
parainfluenza virus type 3 and the generation of 
attenuated viruses by cold- adaptation of the virus 

25 (refs. 18, 19, 20, 21). 

Another approach to parainfluenza virus type 3 
vaccine development is a subunit approach focusing on 
the surface glycoproteins hemagglutinin -neuraminidase 
(HH) and the fusion (F) protein (refs. 22, 23, 24) . The 

3 0 Htt antigen, a typical type II glycoprotein, exhibits 
both haemagglutination and neuraminidase activities and 
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is responsible for the attachment of the virus to sialic 
acid containing host cell receptors. The type I P 
glycoprotein mediates fusion of the viral envelope with 
the cell membrane as well as cell to cell spread of the 
5 virus. It has recently been demonstrated that both the 
HN and F glycoproteins are required for membrane fusion. 
The F glycoprotein is synthesized as an inactive 
precursor (F) which is proteolytically cleaved into 
disulfide -linked F2 and Fl moieties. While the HN and F 

10 proteins of P1V-1 , -2 and -2 are structurally similar, 
they are antigenically distinct. Neutralizing 
antibodies against the KM and F proteins of one of PIV 
type are not cross -protective . Thus, an effective PIV 
subunit vaccine must contain the HN and F glycoproteins 

15 from the three different types of parainfluenza viruses. 
Antibody to either glycoprotein is neutralizing in 
vitro. A direct correlation has been observed between 
the level o£ neutralising antibody titres and resistance 
to PIV- 3 infections in infants. Native subunit vaccines 

20 for parainfluenza virus type 3 have investigated the 
protectiveness of the two surface glycoproteins. 
Typically, the glycoproteins are extracted from virus 
using non- ionic detergents and further purified using 
lectin affinity or immunoaf f inity chromatographic 

25 methods. However, neither of these techniques may be 
entirely suitable for large scale production of vaccines 
under all circumstances. In small animal protection 
models (hamsters and cotton rats) , immunisation with the 
glycoproteins was demonstrated to prevent infection with 

30 live PIV- 3 (refs , 25, 26 , 27, 28, 23), 
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The HN and P glycoproteins of FIV-3 have also been 
produced using recombinant DNA technology, HN and F 
glycoproteins have been produced in insect cells using 
the baculovirus expression system and by use of vaccinia 
5 virus and adenovirus recombinants (refs. 30, 31, 32, 33, 
34) . In the baculovirus expression system, both full- 
length and truncated forms of the FIV-3 glycoproteins as 
well as a chimeric F-HN fusion protein have been 
expressed. The recombinant proteins have been 

10 demonstrated to be protective in small animal models 
(see WO91/0G104, US Application No. 07/773,949 filed 
November 29, 1991, assigned to the assignee hereof). 

Semliki Forest virus ( SFV) is a member of the 
Alphavirus genus in the Togaviridae family. The mature 
15 virus particle contains a single copy of a ssRKA genome 
with a positive polarity that is, 5' -capped and 3'- 
polyadenylated . It functions as an mRHA and naked RNA 
can start an infection when introduced into cells. Upon 
inf ection/transf ection, the 5' two-thirds of the genome 
20 is translated into a polyprotein that is processed into 
the four nonstructural proteins (nsPl to 4) by self 
cleavage. Once the ns proteins have been synthesized 
they are responsible for replicating the plus-strand 
(42S) genome into full-length minus strands (ref, 14} . 
25 These minus -strands then serve as templates for the 
synthesis of new plus-strand (42S) genomes and the 26S 
eubgenomic mRNA (ref . 14) . This subganomic rnRNA, which 
is co linear with the last one- third of the genome, 
encodes the SFV structural proteins. 
3 0 In 1991 Liljestrom and Garoff (ref. 15) designed a 

series of expression vectors based on the SFV cDNA 
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replicon. These vectors had the virus structural 
protein genes deleted to make the way for heterologous 
inserts , but preserved the nonstructural coding region 
for production of the nsPl to 4 replicase complex. 
5 Short 5 1 and 3 ' sequence elements required for RNA 
replication were also preserved. A poly linker site was 
inserted downstream from the 2SS promoter followed by 
translation stop sites in all three frames. An Spel 
site was inserted just after the 3 s end of the SFV cDNA 

10 for linearization of the plasmid for use in vitro 
transcription reactions. 

Injection of SFV RNA encoding a heterologous 
protein have been shown to result in the expression of 
the foreign protein and the induction of antibody in a 

15 number of studies (refs . 16,17} , The use of SFV RNA 
inoculation to express foreign proteins for the purpose 
of immunization would have several of the advantages 
associated with plasmid DNA immunization. For example, 
SFV RNA encoding a viral antigen may be introduced in 

2 0 the presence of antibody to that virus without a loss in 
potency due to neutralization by antibodies to the 
virus. Also, because the protein is expressed in vivo 
the protein should have the same conformation as the 
protein expressed by the virus itself. Therefore, 

25 concerns about conformational changes which could occur 
during protein purification leading to a loss in 
immunogenic! ty, protective epitopes and possibly 
immunopot ent iat ion f could be avoided by plasmid D1STA 
immuni zat ion . 

30 In copending US Patent Application No. 08/476,397 

filed June 7, assigned to the assignee hereof and 
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the disclosure of which is incorporated herein by 
reference (WO96/Q40945) , there is described reference 
the use of plasmid vectors containing RSV F protein - 
encoding DNA for DNA immunisation against RSV infection. 
5 In copending United States Patent Application No. 
08/896,500 filed July 18, 1997, assigned to the assignee 
hereof and the disclosure of which is incorporated 
herein by reference, there is described the use of 
plasmid vectors containing RSV G protein-encoding DNA 

10 for DNA immunization against RSV infection. 

In my copending United States Patent Application 
No. 08/923,558, filed September 4, 1997, assigned to the 
assignee hereof and the disclosure of which is 
incorporated by reference, I describe a DNA vector using 

15 an alphavirus vector, including Semliki Forest virus 
vector, containing a DNA sequence encoding a 
paramyxovirus protein, specifically RSV-F, for making an 
RNA transcript for immunization. 

In WO95/27044, the disclosure of which is 

2 0 incorporated herein by reference, there is described the 

use of alphavirus cDHA vectors based on cDNA 
complementary to the alphavirus RNA sequence. Once 
transcribed from the cDNA under transcriptional control 
of a heterologous promoter, the alphavirus RNA is able 
25 to self -replicate by means of its own replicase and 
thereby amplify the copy number of the transcribed 
recombinant HNA molecules . 

Infection with RSV leads to serious disease. It 
would be useful and desirable to provide improved 

3 0 vectors for in vivo administration of immunogenic 

preparations, including vaccines, for protection against 
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disease caused by RSV and other paramyxoviruses . In 
particular, it would be desirable to provide vaccines 
that are immunogenic and protective in humans, including 
seronegative infants, that do not cause disease 
5 enhancement (immunopotentiation) . 

SUMMARY OF THE INVENTION 
The present invention provides novel immunogenic 
materials and immunisation procedures based on such 
novel materials for immunising against disease caused by 

10 respiratory syncytial virus* In particular, the present 
invention is directed towards the provision of DNA 
vaccines against disease caused by infection with 
paramyxoviridae . 

In accordance with one aspect of the present 

15 invention, there is provided a vector, comprising a 
first DNA sequence which is complementary to at least 
part of an alphavirus KKA genome and having the 
complement of complete aiphavirus RNA genome 
replication regions to permit in vivo replication; a 

20 second DNA sequence encoding a paramyxovirus protein or 
a protein fragment that generates antibodies that 
specifically react with the paramyxovirus protein, the 
second DNA sequence being inserted into a region of the 
first DNA sequence which is non-essential for 

25 replication; the first and second DNA sequences being 
under transcriptional control of a promoter; and a 
third DNA sequence located adjacent the second DNA 
sequence to enhance the immunoprotect ive ability of the 
paramyxovirus protein when expressed in vivo from the 

3 0 vector in a host. 
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The paramyxovirus protein may be selected from the 
group consisting of a parainfluenza virus (PIV) and a 
respiratory syncytial virus (RSV) , The PIV protein may 
be from PIV-1, PIV-2 , PIV- 3 or PIV-4, particularly the 
5 HN and F • glycoproteins of PIV-3. The RSV protein 
particularly may be the F or G glycoprotein of RSV. 

The second DNA sequence may encode a full length 
RSV F protein, or may encode a RSV P protein lacking 
the transmembrane anchor and cytoplasmic tail. The 

10 lack of the coding region for the transmembrane anchor 
and cytoplasmic tail results in a secreted form of the 
RSV F protein. Alternatively, as described in the 
aforementioned U.S. Patent Application 08/896,500, the 
second DNA sequence may encode the full-length KSV-G 

15 protein ox- a truncated RSV G protein lacking a 
transmembrane region, resulting in a secreted form of 
the protein. 

The alphavirue preferably is a Semliki Forest virus 
and the first DNA sequence is the Semliki Forest viral 

20 sequence contained in plasmid pSFVI . 

The third nucleotide sequence may comprise a pair 
of splice sites to prevent aberrant mRNA splicing, In 
vivo, whereby substantially all transcribed mRNA from 
the vector upon administration encodes the RSV protein. 

25 Such third nucleotide sequence is preferably located 
between the first nucleotide sequence and the promoter 
sequence. Such third nucleotide sequence may be that of 
rabbit 0-globin intron II, as shown in Figure 8 of 
copending U.S. Patent Application No, 08/476,397 (WO 

30 96/040945) . 
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The promoter sequence may be an immediate early 
cytomegalovirus (CMV) promoter. The human 

cytomegalovirus Intron A sequence may be provided 
downstream of the promoter and upstream of the third 
5 nucleotide sequence. 

A vector encoding the F ■ protein and provided 
in accordance with one embodiment of the invention may 
be specifically pMP44, having the identifying 
characteristics shown in Figure ID, 
10 The vectors provided herein may be used to immunize 

a host against RSV infection or disease by in vivo 
expression of RSV F protein or RSV G protein, which may 
lack a transmembrane region, or other paramyxovirus 
protein, following administration of the vectors. In 
15 accordance with a further aspect of the present 
invention, therefore, there is provided a method of 
immunising a host against disease caused by infection 
with respiratory syncytial virus or other paramyxovirus, 
which comprises administering to the host an effective 
20 amount of a vector provided herein. 

The present invention also includes a novel method 
of using a gene encoding an RSV F or G protein or a 
fragment of an RSV or G protein capable of generating 
antibodies which specifically react with RSV F or G 
25 protein to protect a host against disease caused by 
infection with respiratory syncytial virus, which 
comprises isolating the gene; operatively linking said 
gene to a DNA sequence which is complementary to at 
least part of an alphavirus RNA genome and having the 
3 0 complement of complete alphavirus RNA genome replication 
regions in a region of said DNA sequence which is non- 
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essential for replication to form a vector wherein said 
gene and DNA sequence are under transcriptional control 
of a promoter; operative iy linking the gene to an 
i mmunopro t e c t i on enhancing sequence to produce an 
5 enhanced immunoprotection by the RSV F or G protein in 
the host , preferably by introducing the immunoprotection 
enhancing sequence between the control sequence and the 
alpha virus sequence; and, introducing the vector into the 
host. A corresponding procedure may be used for other 
10 paramyxoviridae . 

In addition, the present invention includes a 
method of producing a vaccine for protection of a host 
against disease caused by infection with respiratory 
syncytial virus (RSV) , which comprises isolating a first 
15 DHA sequence encoding an RSV or G protein, from which 
the transmembrane anchor and cytoplasmic tail may be 
absent/ operatively linking said first DHA sequence to a 
second DNA sequence which is complementary to at least 
part of an alphavirus RNA genome and having the complete 
20 alphavirus genome replication regions in a region of 
aaid second DNA sequence which is non-essential for 
replication to form a vector wherein said first and 
second DNA sequences are under transcriptional control 
of a promoter; operatively linking the first nucleotide 
25 sequence to a third nucleotide sequence to enhance the 
immunopro t e c t i ve ability of the RSV F or G protein when 
expressed In vivo from the vector in a host; and 
formulating the vector as a vaccine for in vivo 
administration. A corresponding procedure may be used 
3 0 for other paramyxoviridae. 
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The present invention further includes a vaccine 
for administration to a host, including a human host, 
produced by the method as well as immunogenic 
compositions comprising an immunoef f ective amount of the 
5 vectors described herein. 

BR^gF PSSCRIPTIQN QF DfrftWITSfCtS 
Figures 1A to XB show a schematic of a procedure of 
assembly of vector pMP44; 

Figures 2A to 2B show a schematic of a procedure of 
10 assembly of vector pMP44; 

Figures 3A to 3E contain the nucleotide sequence of 
plasrnid pMP44 (SEQ ID NO:l) • 

Figure 4 shows the anti-RSV F titres in sera from 
mice taken 4 weeks after priming and 2 weeks after 
15 boosting; 

Figure 5 shows the nucleotide sequence for a 
synthetic oligonucleotide coding for the hepatitis delta 
rihosyme {SEQ ID no; 2,3); and 

Figures 6A to 6C show the nucleotide sequence for 
20 the SFV EcoRV-Spel fragment ligatsd to the ribozyme of 
Figure 5 (SEQ ID no; 4) . 
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GENERAL DESCRIPTION OF INVENTION 
As described above, the present invention, in 
general , relates to protection of hosts against disease 
caused by infection by paramyxovirus by DNA immunization 
5 using DNA vectors. In particular, the invention is 
concerned with protection of hosts against disease 
caused by infection by respiratory syncytial virus 
(RSV) , although not specifically limited thereto. The 
description which follows refers specifically to 
10 employing DNA sequences encoding RSV F or G protein and 
fragments thereof which generate antibodies which 
speeiiically react with RSV F or G protein. 

In this application, the terms "RSV F protein" and 
tt RSV G protein" are used to define a full-length RSV F 
15 or G protein, including proteins having variations in 
thsir amino acid sequences including those naturally 
occurring in various strain of RSV and those introduced 
by PGR amplification of the encoding gene while 
retaining the immunogenic properties, a secreted form of 

2 0 the RSV F or G protein lacking a transmembrane anchor 

and cytoplasmic tail, as well as fragments capable of 
generating antibodies which specifically react with RSV 
F or G protein and functional analogs. In this 
application, a first protein is a "functional analog" of 
25 a second protein if the first protein is immunologically 
related to and/or has the same function as the second 
protein. The functional analog may be, for example, a 
fragment of the protein or a substitution, addition or 
deletion mutant thereof. 

3 0 A vector is constructed to contain a first DNA 

sequence which is complementary to at least part of an 
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alphavirus RNA gsnome, specifically Semliki Forest 
virus, and having the complement of complete alphavirus 
SNA genome replication regions to permit replication in 
vivo. A second DNA sequence encoding the RSV F or G 
5 protein is inserted into a region of the first DNA 
sequence which is non-essential for replication. The 
first and second DNA sequences are under transcriptional 
control of a promoter to permit expression of the RSV 
protein in a host immunised with the vector. 

10 The promoter sequence may be the immediately early 

cytomegalovirus (CMV) promoter. This promoter is 

described in ref . 3 6. Any other convenient promoter may 
be used ? including constitutive promoters, such as, Rous 
Sarcoma Virus LTRs, and inducible promoters, such as 

15 metal lot hionine promoter, and tissue specific promoters. 

The recombinant vector may include a third 
nucleotide sequence located adjacent the alphavirus 
sequence to enhance the immunoprotectiive ability of the 
RSV P or G protein when expressed in vivo in a host . 

2 0 Such enhancement may be provided by increased in vivo 

expression, for example, by increased mRNA stability, 
enhanced transcription and/or translation. This 
additional sequence preferably is located between the 
promoter sequence and the alphavirus sequence. 
25 This enhancement sequence may comprise a pair of 

splice sites to prevent: aberrant mRNA splicing during 
transcription so that substantially all transcribed mRNA 
is intact alphavirus rna encoding a gene of interest, 
for example, an RSV F protein . Specifically, rabbit {3- 

3 0 giobin Irrcron II sequence may provide such splice sites, 

as also described in ref. 37. 
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Additional enhancement may be obtained by, 
including an additional DNA sequence between the 
promoter and the enhancer sequence. Such additional DNA 
sequence may comprise the immediate early 
cytomegalovirus Intron A sequence. 

The -vectors provided herein, when administered to 
an animal, effect in vivo RSV F protein expression, as 
demonstrated by an antibody response in the animal to 
which it is administered and the conferring of 
protection. As may be seen from the results detailed in 
the Examples below, the DNA vectors produced a high 
anti-F IgG antibody titre and confer protection. 

In comparison to the vectors described in the 
aforementioned U.S. Patent Application nos . 08/476 , 397 
and 08/896 , 500 , the vectors described herein provide a 
protective immune response using a lower dose and less 
time. In comparison to the vectors described in the 
aforementioned U.S. Patent Application nos. 08/923,553, 
08/S$S,550 and 08/476,397 using native RSV F, the 
vectors described herein produce protective immune 
response in the absence of pre treatment of the animal 
model with cardiotoxin, a material known to increase the 
uptake of DNA and enhance the immune response. 

The vector provided herein may also comprise a 
fourth nucleotide sequence encoding a further antigen 
from RSV, an antigen from at least one other pathogen or 
at least one immunomoduiating agents such as cytokine. 
Such vector may contain said fourth nucleotide sequence 
in a chimeric or a bieistronic structure. Alternatively, 
vectors containing the fourth nucleotide sequence may be 
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separately constructed and coadministered to a host, 
with the DNA vector provided herein. 

In addition, there may be provided at the 3 '-end of 
the Simliki Forest virus segment, a hepatitis delta 
5 virus ribosyme sequence to ensure proper in vivo 
cleavage at the 3' -end of the Simliki Forest virus 
sequence. Any other convenient sequence may be employed 
to achieve this effect . 

It is clearly apparent to one skilled in the art, 

10 that the various embodiments of the present invention 
have many applications in the fields of vaccination, 
diagnosis and treatment of RSV infections. A further 
non- limiting discussion of such uses is further 
presented below, 

15 1. Vaccina Preparation and Use 

Immunogenic compositions, suitable to be used as 
vaccines, may be prepared from the RSV F or RSV G genes 
and other paramyxovirus genes and vectors as disclosed 
herein. The vaccine elicits an immune response in a 

2 0 subject which includes the production of anti-F or anti- 
G antibodies. Immunogenic compositions, including 

vaccines, containing the DNA vector may be prepared as 
in j eatables, in physiologically-acceptable liquid 
solutions or emulsions for polynucleotide 

25 administration. The nucleic acid may be associated with 
liposomes, such as lecithin liposomes or other liposomes 
known in the art, as a nucleic acid liposome (for 
example, as described in WO 93/24640, ref. 36) or the 
DNA vector may be associated with an adjuvant, as 

30 described in more detail below. Liposomes comprising 
cationic lipids interact spontaneously and rapidly with 
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polyanions such as DNA and KNA, resulting in 
liposome/nucleic acid complexes that capture up to 100% 
of the polynucleotide. In addition, the polycationic 
complexes fuse with cell membranes, resulting in an 
5 intracellular delivery of polynucleotide that bypasses 
the degradative enzymes of the lysosomal compartment. 
Published PCT application WO 94/27435 describes 
compositions for genetic immunisation comprising 
cat ionic lipids and polynucleotides. Agents which 

10 assist in the cellular uptake of nucleic acid, such as 
calcium ions, viral proteins and other transfection 
facilitating agents, may advantageously be used. 

Polynucleotide immunogenic preparations may also be 
formulated as microcapsules, including biodegradable 

15 time -release particles. Thus, U.S. Patent 5,151,264 
describes a particulate carrier of a 

phospholipid/glycolipid/polysaccharide nature that has 
been termed Bio Vecteurs Supra Moleculaires (BVSM) . The 
particulate carriers are intended to transport a variety 

20 of molecules having biological activity in one of the 
layers thereof. 

U.S. Patent 5,075,103 describes encapsulation of 
the antigens trinitrophenylated keyhole limpet 
hemocyanin and staphylococcal enterotoxin B in 50:50 

25 poly (DL-lactideco-glycolide) . Other polymers for 

, encapsulation are suggested, such as poly {glycol ide) , 
poly (DL-lactide-co - glycol ids ) , copolyoxalates , 

polycaprolactons, poly {lactide-co- caproiactone) , 

poly (est eramidas) , polyorthoesters and poly {8- 

3 0 hydroxybutyric acid) , and polyanhydr ides . 
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Published PCT application WO 91/062B2 describes a 
delivery vehicle comprising a plurality of bioadhesive 
microspheres and antigens. The microspheres being of 
starch, gelatin, dextran, collagen or albumin. This 
5 delivery vehicle is particularly intended for the uptake 
of vaccine across the nasal mucosa. The delivery 
vehicle may additionally contain an absorption enhancer. 

The rsv F or G genes and vectors may be mixed with 
pharmaceutic ally acceptable excipients which are 
10 compatible therewith. Such excipients may include, 
water. saline, dextrose, glycerol,- ethanol, and 
combinations thereof . The immunogenic compositions and 
vaccines may further contain auxiliary substances, such 
as wetting or emulsifying agents, pH buffering agents, 

15 or adjuvants to enhance the effectiveness thereof. 
Immunogenic compositions and vaccines may be 
administered parent era! ly, by injection subcutaneously, 
intravenously, intradermal ly or intramuscularly, 
possibly following pretreatment of the injection site 

20 with a local anaesthetic. Alternatively, the 

immunogenic compositions formed according to the present 
invention, may be formulated and delivered in a manner 
~o evoke an immune response at mucosal surfaces. Thus, 
the immunogenic composition may be administered to 

25 mucosal surfaces by,, for example, the nasal or oral 
(intragastric) routes. Alternatively, other modes of 
administration including suppositories and oral 
formulations may be desirable. For suppositories, 
binders and carriers may include, for example, 

30 pulyalkalene glycols or triglycerides. Oral 
formulations may include normally employed incipients, 
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such as, for example, pharmaceutical grades of 
saccharine, cellulose and magnesium carbonate. 

The immunogenic preparations and vaccines are 
administered in a manner compatible with the dosage 
5 formulation, and in such amount as will be 
therapeutically affective, protective and immunogenic. 
The quantity to be administered depends on the subject 
to be treated, including, for example, the capacity of 
the individual ' s immune system to synthesize the RSV F 

10 protein and antibodies thereto, and if needed, to 
produce a cell -mediated immune response. Precise 
amounts of active ingredient required to be administered 
depend on the judgment of the practitioner. However, 
suitable dosage ranges are readily determinable by one 

15 skilled in the art and may be of the order of about 1 ug 
to about 1 mg of the RSV F or G genes and vectors. 
Suitable regimes for initial administration and booster 
doses are also variable, but may include an initial 
administration followed by subsequent administrations . 

20 The dosage may also depend on the route of 
administration and will vary according to the size of 
the host. A vaccine which protects against only one 

pathogen is a monovalent vaccine. Vaccines which 
contain antigenic material of several pathogens are 

25 combined vaccines and also belong to the present 
invention. Such combined vaccines contain, for example, 
material from various pathogens or from various strains 
of the same pathogen, or from combinations of various 
pathogens . 

33 in particular embodiments of the present invention, 

the vector comprising a first nucleotide sequence 
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encoding an F or G protein of RSV may be delivered in 
conjunction with a targeting molecule to target the 
vector to selected cells including cells of the immune 
system. 

5 The DMA vectors may be delivered to the host by a 

variety of procedures, for example, Tang et al. (ref. 
39) disclosed that introduction of gold microproj ectiles 
coated with DNA encoding bovine growth hormone (BGH} 
into the skin of mice resulted in production of ant i -BGH 

10 antibodies in the mice, while Furth et al . (ref. 40) 
showed that a jet injector could be used to transfect 
skin, muscle, fat and mammary tissues of living animals. 
2 . Immunoassays 

The RSV F or G genes and vectors of the present 

15 invention are useful as immunogens for the generation of 
anti-F or anti-G antibodies for use in immunoassays, 
including enzyme-linked immunosorbent assays (ELISA) , 
RIAs and other non-enzyme linked antibody binding assays 
or procedures known in the art. In BLiISA assays, the 

20 vector first is administered to a host to generate 
antibodies specific to the RSV F or G protein or other 
paramyxovirus protein. These RSV F- or G- specific 
antibodies are immobilized onto a selected surface, for 
example, a surface capable of binding the antibodies, 

25 such as the wells of a polystyrene microtiter plate. 
After washing to remove incompletely adsorbed 
antibodies, a nonspecific protein such as a solution of 
bovine serum albumin (BSA) that is known to be 
antigenic ally neutral with regard to the test sample may 

3 0 be bound to the selected surface. This allows for 
blocking of nonspecific adsorption sites on the 



; 11-13-98 i 3 1 45PM 



SI MB AS* 



17034T50813;#24 



21 

immobilizing surface and thus reduces the background 
caused by nonspecific bindings of antisera onto the 
surface. 

The immobilizing surface is then contacted with a 
sample; such as clinical or biological materials, to be 
tested in a manner conducive to immune complex 
(antigen/ antibody) formation. This procedure may 

include diluting the sample with diluents, such as 
solutions of BSA, bovine gamma globulin (BGG) and/or 
phosphate buffered saline (PBS)/Tween. The sample is 
then allowed to incubate for from about 2 to 4 hours, at 
temperatures such as of the order of about 20° to 3 7°C. 
Following incubation, the sample -contacted surface is 
washed to remove non-immunocomplexed material. The 
washing procedure may include washing with a solution, 
such as PBS/Tween or a borate buffer. Following 
formation of specific immunoc omp 1 exe a between the test 
sample and the bound RSV F specific antibodies, and 
subsequent washing, the occurrence, and even amount, of 
immunocomplex formation may be determined- 

Certain vectors that contain the gene encoding RSV 
F protein and referred to herein have been deposited 
with the American Type Culnure Collection (ATCC) located 
at 10801 University Boulevard, Manassas, VA 20110-2209, 
U.S.A., pursuant to the Budapest Treaty and prior to the 
filing of this application. 

Samples of the deposited plasmids will become 
available to the public upon grant of a patent based 
upon this United States patent application and all 
restrictions on access to the deposits will be removed 
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at that time. Non-viable deposits will be replaced, 
The invention described and claimed herein is not to be 
limited in scope by plasmids deposited , since the 
deposited embodiment is intended only as an illustration 
of the invention. Any equivalent or similar plasmids 
that encode similar or equivalent antigens as described 
in this application are within the scope of this 
invention . 

DgPQP.lt- Summary 

Plasmid ATCC Designation Date Deposited 

pMP37 97905 Feb. 27 , 1297 

pMP42 

The above disclosure generally describes the 
present invention. A more complete understanding can 
be obtained by reference to the following specific 
Examples, These Examples are described solely for 
purposes of illustration and are not intended to limit 
the scope of the invention- Changes in form and 
substitution of equivalents are contemplated as 
circumstances may suggest or render expedient . Although 
specific terms have been employed herein, such terms 
are intended in a descriptive sense and not for 
purposes of limitations ♦ 

Methods of molecular genetics, protein 
biochemistry and immunology used but not explicitly 
described in this disclosure and these Examples are 
amply reported in the scientific literature and are 
well within the ability of those skilled in the art. 
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EXAMPLE 1 

This Example describes a scheme for construction 
of a Semliki Forest Virus (SFV) DNA expression vector 
containing a truncated RSV F gene as outlined in 
Figures 1A to IB. 

Plasmid VR1012 was restricted with PstI and then 
made blunt-ended with T4 DNA polymerase. The S-globin 
Intron II was exised out of vector pSG5 (Stratagene) 
and ligated into plasmid VR1012 to generate plasmid 
pIIE. Plasmid pIIE was then restricted with Sail and 
EcoRV and ligated to a PGR fragment having the 
nucleotide sequence: 

TCGACATGGCGGATGTGTGACATACACGACGCCAAAAGATTTTGTTCCAGCT 
CCTGCCACCTCCGCTACGCGAGAGATTAACCACCCACGATGGCCGCCAAAGT 
GCATGTTGATATTGAGGCTGACAGCCCATTCATCAAGTCTTTGCAGAAGGCA 
TTTCCGTCCTTCGAGGTGGAGTCATTGCAGGTCACACCAAATGACCATGCAA 
ATGCCAGAGCATTTTCGCACCTGGCTACCAAATTGATCGAGCAGGAGACTGA 
CAAAGACACACTCATCTTGGAT (SEQ ID no : 7} generated from 
pSFVI with primers SAL- SFV having the nucleotide 
sequence 5 ' -TCCACCTCCAAGATATCCAAGATGAGTGTG (SEQ ID no: 
5) and ECO- SFV having the nucleotide sequence 5'- 
TCCACCTCCAAGATATCCAAGATGAGTGTG (SEQ ID no: 6) . The 
resulting plasmid pMP38 was then restricted with EcoRV 
and BamHI and then dephosphorylated . Plasmid pSFVI 

link (see copending application no. (b/o 

1038-766}) was then restricted with Spel and ligated to 
the hepatitis delta ribozyma (Fig. 5, SEQ ID nos: 2 and 
3) , The ligation reaction was then restricted with 
EcoRV to release most of the SPV-RSVF plus ribozyme 
fragment. This fragment was then ligated to 

EcoRV/BamHl restricted pMP38 to produce pMP41. 
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gxagap3.e> .£ 

This Example describes an alternative scheme for 
constructing plasmid pMp44 as outlined in Figure 2. 

Plasmid VR1012 was restricted with PstI and then 
made blunt-ended with T4 DNA polymerase. The S-globin 
Intron II was axised out of vector pSG5 (Stratagene) 
and ligated into plasmid VR1012 to generate plasmid 
pi IE, Plasmid pi IS was then restricted with Sail and 
EcoRV and ligated to a PGR fragment having the 
nucleotide sequence t 

TCGACATGGCGGATGTGTGACATACACGACGCCAAAAGATTTTGTTCCAGCT 
CCTGCCACCTCCGCTACGCGAGAGATTAACCACCGAGGATGGCCGCCAAAGT 
GGATGTTGATATTGAGGCTGACAGCCCATTCATCAAGTCTTTGCAGAAGGCA 
TTTCCGTCGTTCGAGGTGGAGTCATTGCAGGTCACACCAAATGACCATGCAA 
ATGCCAGAGCATTTTCGCACCTGGCTACCAAATTGATCGAGCAGGAGACTGA 
CAAAGACACACTCATCTTGGAT {SEQ ID no: 7) generated from 
pSFVI with primers SAL-SFV having the nucleotide 
sequence 5 ' - TCCACCTCCAAGATATCCAAGATGAGTGTG (SEQ ID no: 
5} and ECO-SFV having the nucleotide sequence 5'- 
TCCACCTCCAAGATATCCAAGATGAGTGTG (SEQ ID no: 6) . The 
resulting plasmid pMP38 was then restricted with EcoRV 
and BamHI and then dephosphoryiatpd . Plasmid pSFVl 

link {see copending application no. ; . (b/o 

1038-766)) was then restricted with Spel and ligated to 
the hepatitis delta ribozyme (Fig. 5, SEQ ID nos: 2 and 
3) . 

The ligation reaction product was then restricted 
with EcoRV to release the SFV replicon plus the 
ribozyme having the nucleotide sequence as outlines in 
Figures €A to SC. This fragment was then ligated to 
the BcoRV/BamHI restricted pMP3 8 to produce pMP42. The 
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RSV F gene fragment was released from pMP37 by 
restriction with BamHI, and this fragment was ligated 
into the BamHI sits of pMP42 to produce pMP44 . The 
nucleotide sequence of pMP44 is shown in Figures 3A to 
3E. 

EXAMPLE 3 

This Example describes the immunization of mice 
with pMP44 and the immunogenicity results obtained. 

BALB/C mice were immunized with piasmid pMP44 by 
the intramuscular (i.m.) route. The anterior tibiaits 
muscles of six BALB/C mice were bilaterally injected 
with 2 x 100 jLig of plaarnid pMP44 . This amount is 
equivalent to approximately 94/xg of a conventional 
vector, based on copy number. These mice were boosted 
in an identical manner 4 weeks later. The control 
group was immunized with 2 x 25 ^g of SFV-RSV F RNA as 
described in my aforementioned United States 
Application No. 08/923,558, except that the muscles 
were not pre-treated with cardiotoxin. The 
immunization protocol is set forth in the following 
Table I: 

T*M» I TT»""J"ig*fciQn protocol 

Group Prime Routs of Sooefc Rout* of 

Inoculation Inoculation 

1 SFV-HSVF KfcJA 1 Intramuscular SFV-RSVF KNA 1 Intramuscular 

2 pMP44 SNA 5 Intramuscular pMP44DN£. 2 Intramuscular 
Mice were inoculated with: 

1. 25^g of RNA was injected into each hind leg 
muscle in 50 ^3L. of PBS 

2. 100 fj.g of DNA was injected into each hind leg 
muscle in SO^lj of PBS 
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Sara was obtained from the mice at 4 and 6 weeks . 
Anti-RSV P antibody tit res (IgG) in these sera were 
determined by enzyme -linked immunosorbent assay 
(ELISA) , as described in Example 3 . 

The anti-RSV F IgG antibody response in the sera 
of the BALB/C mice are summarized in Figure 4. The 
mice immunised with the DNA construct, pMP44 , had 
higher anti~F titres than the mice immunized with the 
SFV-RSV F RNA* 

Two weeks after the second immunization, mice were 
challenged intranasally with 10 s plaque forming units 
(pfu) of the Al strain of RSV {B<3-4A) . Animals were 
sacrificed 4 days later. Lungs were asceptically 
removed, weighed, and homogenized in 2 mL of complete 
culture medium. The virus titre in lung homogenates 
was determined in duplicate using vero cells, as 
previously described (ref, 41). 

As seen in Table 2 below, immunisation of mice 
with pMP44 DNA protected mice (5/6) against live RSV 
challenge, in contrast to the lack of protection when 
immunization with SFV-RSV F RNA was effected. This 
result contrasts with the complete protection which is 
obtained using SFV-RSV F RNA as described in U.S. 
Patent Application Nos. 08/923,558, 08/476,397 and 
08/896,500 where the results show protection after 
pretreatment with cardiotoxin. 

Group Iamuaogfta Mean V±*ue Lung Titre 

Prime Booat {logl0/g+s .d) % Protection 



1 SFV-RSVF RNA SFV-RSVF RNA 

2 SMF44 DNA pMP44DNA 



4.2S 0 
2„12* 83 
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* Limit of detection = 1.8 

Tiiis Example describes the determination of anti- 
5 RSV P antibody titres. 

Nunc -MaxiSorp plate wells were coated overnight at 
room temperature with 2.5 ng of immuxioaf f inity-purif ied 
R9V F protein diluted in 0.05M carbonate -bicarbonate 
buffer^ pH 9,6. Wells were blocked for non-specific 
10 binding by adding 0.1% BSA in PBS for 30 min. at room 
temperature, followed by two washes in a washing buffer 
of 0.1% BSA in PBS + 0.1% Tween 20. Serial two or 
four- fold dilutions of mouse serum was added to the 
wells. After a one hour incubation at room 

15 temperature, plates were washed five times with washing 
buffer, and horseradish peroxidase (HRP) labeled 
conjugate was added at the appropriate optimal dilution 
in washing buffer. The total IgG assay used P(ab') a 
goat antimouse IgG (H+I* specific) - HHP from Jackson 
20 Immuno Research Laboratory Inc. {Baltimore, MD, USA). 
Sheep anti-mouse IgG! -HRP from Serotec (Toronto, 
Ontario, Canada) was used in the IgGl assay and goat 
ant i -mouse IgG2a from Caltag Laboratories {San 
Francisco, CA, USA) was used in the IgG2a assay. 

2 5 Following one hour incubation at room temperature, the 

plates were washed five times with washing buffer, and 
hydrogen peroxide (substrate) in the presence of 
tetramethylbenzidine was added, The reaction was 
stopped by adding 2 M sulfuric acid. The colour was 

3 0 read in a Multiscan Titertek plate reader at an optical 

density (OD) of 450 nm. The titre was taken as the 
reciprocal of the last dilution at which the OD was 
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approximately double. This OD must be greater than the 
negative control of the assay at the starting dilution. 
The pre- immune serum of each animal was used as the 
negative control. 
5 SUMMARY OF THE DISCLOSURE 

In summary of this disclosure, the present 
invention provides certain novel alphavirus derived DNA 
vectors containing genes encoding RSV F or RSV G 
proteins, or other paramyxovirus proteins, methods of 
10 immunization using such vectors and methods of 
diagnosis using such vectors. Modifications are 
possible within the scope of this invention. 
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Nucleotide sequence ofpUsmid pMP44 

tcgcgcgttt eggtgatgac ggtgaaaacc tctgacacat gcagctcccg gagacggtca 60 
cagcttgtct gtaagcggat gccgggagca gacaagcccg tcagggcgeg tcagcgggtg 120 
ttggegjgtg tcggggetgg cttaaetatg cggcatcaga gcagattgta ctgagagtgc ISO 
aecafcatgeg gtgtgaaat* ccgcacagat gcgtaaggag aaaataccgc atcagattgg 240 
cUttgycca ttgeataegt tgtatceata tcataatatg tacatttata ttggotaatg 300 
tccaacatta ccgccatgtt gaoattgatt attgaetagt tattaatagt aatcaattac 360 
ggggtoatta gtteatagec catatatgga gttecgegtt acataaetta cggtaaatgg 420 
cccgcctggc tgaeegccea aegaceceeg cccattgacg tcaataatga cgtatgttce 460 
catagtaacg ccastaggga ctttecattg acgtcaatgg gtggagtatt tacggtaaac 540 
tgccoacttg gcagtaeate aagtgtatca tatgeeaagt acgeeeccta ttgacgtaaa 600 
tgaeggiaaa tggcecgcct ggcafctatge ec*gtaeatg accttatggg aettteetac 660 
ttggeagtac atetacgtat tagtcategc tattaccatg gtgatg&ggt tttggcagta 720 
catcaa&ggg cgtggatage ggtttgaete acggggattt ccaagtetcc accccattga 780 
cgtcaatggg agtfctgtttt ggcaccaaaa tcaacgggae tttccaaaat gtcgtaacaa 840 
ctccgcccea ttgacgcaaa tgggcggtag gegtgtaegg tgggaggtct atataagcag 900 
agctcgttta gtgaaccgtc agatcgectg gagacgccat ceacgctgtt ttgaoctcca 960 
tagaagftoac cgggaccgat ccagcctceg cggccgggaa cggtgcattg gaaegcgga* 1020 
tccccgtgcc aagagtgacg taagtaccga ctatagaetc tataggcae* ccectttggc 1060 
tefrtatgeat getatactgt ttttggettg gggecfcatac acccccgctt ccttatgeta 1140 
taggtgatgg tatagcttag cctataggtg tgggttattg accattattg accacfceccc 1200 
tattggtgac gatacttfccc attactaatc cataacatgg ctetttgeca caactatcte 1260 
tattggstat atgecaatac tctgtccttc agagactgac acggaetctg tatttttaoa 1320 
ggatggggtc acatttfttta tttacaaatt caeatataca acaacgecgt cccccgtgcc 1380 
cgeagttttt attaaacata gcgtgggate fcceaegcgaa tctcgggtac gtgttccgga 1440 
catgggctct tctceggtag cggcggaget tecacatceg agcectggtc eoatgcctcc 1500 
ageggcteat ggtcgctcgg cagctcottg ctcetaacag tggaggecag aettaggcac 1560 
agcacaatgc ccaccaccac cagtgtgccg eacaaggceg tggcggtagg gtatgtgtct 1620 
gaaaatgagc gtggagattg ggctegeacg getgaegcag atggaagaet taaggcagcg 1680 
gcagaagaag atgcaggc&g ctgagttgtt gtattetgat aagagtcaga ggtaactece 1740 
gttgeggtgc tgtfcaaeggt ggagggcagt gtagtetgag cagtactcgt tgctgecgeg 1800 
cgcgccacca gacataatag ctgacagact a*cag»ctgt tcctttccat gggtcttttc 1860 
cgatectgag aaettoaggg tgagtttggg gaeeetfcgat tgtfcetttet ttttcgctat 1920 
tgtaaaattc atgttatatg gagggggcaa agtttteagg gtgttgttta gaatgggaag 1980 
atgteccttg tatcaceatg gaeeetcatg ataa-ttttgt ttctttcact ttctactctg 2040 
ttgaeaace* ttgtctacte ttattttctt ttcattttct gtascttttt cgttaaactt 2100 
tagcttgcat ttgtaacgaa tttttaaatt cacttttgtt tatttgtcag attgtaagta 2160 
ctttctctaa tcactttttt ttcaaggcaa tcagggtata ttatattgta cttcagcaca 2220 
gttttagaga acaatfcgtts taattaaatg ataaggtaga atatttctgc atataaattc 2280 
tggctggcgt ggaaatattc ctattggtag aaacaactac atcctggtca toatcctgcc 2340 
tttctcttta tggttacaat gatatacact gtttgagatg aggataaaat aetctgagtc 2400 
caaaccgggc ccotctgcta accatgfctca tgcctfcctte tttttectae agctcctggg 24 60 
caacgtgctg gttattgtgs tgtctcatca ttttggeaaa gaattgtaat acgactcact 2520 
atagggogaa ttgtcaccgt agtcgacatg gcggatgtgt gasatacacg acgccaaaag 2580 
attttgttee agctcetgcc acctccgcta cgcgagagat taacoaccca cgatggccgc 2640 
ca*agtgcat gttgatattg aggctgacag cccattcatc aagtotttgc agaaggcatt 2700 
tccgtcgttc gaggtggagt cattgeaggt caesccaaat gaccatgcaa atgccagagc 2760 
attttcgcac ctggctacca aattgatega geaggagact gacaaagaca cactcatett 2820 
ggitaroggc agtgcgcctt ccaggagaat gatgtctacg cacaaataec actgogtatg 2880 
scctatgcgc agcgcagaag accccgaaag gctcgatagc tacgcaaaga aactggcagc 2940 
ggoctccggg aaggtgctgg atagagagat cgcaggaaaa atcaccgacc tgcagaccgt 3000 
catggctacg ceagacgctg aatctcctac cttttgcctg catacagaeg tcacgtgtcg 3060 
tacggcagcc gaagtggccg tataccagga cgtgtatgct gtacatgeae caacatSgct 3120 
9=gatgaaag gtgtcagaac ggcgtattgg attgggtttg aeaceacccc 3180 
gtttatgttt gacgcgetag caggcgcgta tccaaectac gecacaaaet gggecgacga 3240 

n^3* 
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gc&ggtgtta caggccagga &catagg&et gtgtgcagca tccttgactg agggiagact 3300 
cggcaaactg teeattctec geaagaagea attgaaacet tgcgacaeag teatgfetcte 3360 
ggtaggatct aeattgtaea ctgagagcag aaagctaetg aggagetgge acttaecetc 3420 
cgtattccac ctgaaaggt* aacaatcett tacctgtagg tgcgetacca tcgtatcatg 3480 
tgaagggtae gtagttaaga aaateactat gtgceccggc ctgtacggta aaacggtagg 3540 
gtacgccgtg acgtatcacg cggagggatt cctagrtgtgc aagaceacag acactgtcaa 3600 
aggagaaaga gtctcattcc ctgtatgcac ctacgtcccc tcaaccatct gtgatcaaat 3660 
gactggcata ctagcgaccg aegteaeacc ggaggacgca cagaagttgt tagtgggatt 3720 
gaatcagagg atagttgtga acggaagaae ac&gcgaaac actaacacga tgaagaacta 3780 
tetgcttccg attgtggeeg tegeatttag caagtgggcg agggaataca aggcagacct 3B40 
tgatgatgaa aaaectctgg gtgtccgaga gaggteactfc acttgctgct gcttgtgggc 3900 
atttaaaacg aggaagatgc acaccatgta eaagaaacca gacacccaga eaatagtgaa 3360 
ggtgecttca gagtttaact cgttcgtc&t cesegagccta tggtctacag gcctcgsaat 4020 
ecoagtcaga tcacgcatts ag&tgctttt ggeeaagaag acoaagcgag agttaatace 4080 
tgttctegac gcgtcgtcag ceagggatgc tgaaoaagag gagaaggag* ggttggagge 4140 
cgagctgact agagaagcct taeeacccet egfcccsoate gcgceggegg agacgggagt 4200 
u cgtegacgtc gacgttgaag aactagagta tcaegcaggt gcaggggtcg tggaaacacc 4260 
\0 tcgeagcgcg ttgaaagtea ccgcaeagcc gaacgacgta ctactaggaa attacgtagt 4320 
tctgtccceg cagascgfcge tcaagagctc caagtfcggee ccegtgcace etetageaga 43B0 
'5 gsaggtgaaa ataataacac ataaegggag ggccggeggt t&ccaggteg acggatatga 4440 
w cggcagggtc ctactace&t gtggatcggc cattccggtc cctgagtttc aagctttgag 4500 
i i cgagagcgcc actatggtgt aoaacgaaag ggagttcgtc aaeaggaa&c tataccatat 4560 
4= tgccgtteac ggacegtege tgaacaeega cgaggagaac tacgagaaag tcagagctga 4620 
W aagaactgae gcegagtacg tgttegaegt agataaaaaa l^gctgcgtca agagagagga 4680 
* agcgtcgggt ttggtgttgg tgggagagct aaccaacccc ccgttccatg aattcgecta 4740 
- cgiaggyctg aagateaggc cgtcggcaee afe&taag&ct ac&gtagtag gagtetttgg 4S00 
ggttsoggga fccaggcaagt ctgctattac taagagccte gtga-scaaac acgatctggt 4860 
f=* caccagcggc aaganggaga actgccagga aa-fcagttaae gacgtgaaga agcaccgegg 4920 
yj gaaggggaca agtagggaaa acagtgactc catectgcta aacgggrtgtc gtcgtgccgt 4980 
2 ggacatccta tatgtggacg aggetttcge ttgecattce ggtaotctga tggcectaat 5040 
ol tgetcttgt* aaaeetcgga gcaaagrtggt gfcfcatgcgga gaececasgc matgcggatt 5100 
cttcaatatg atgcagctta aggtgaactt eaaecacaae atctgcactg aagtatgtca 5160 
taaaagtata tccagacgtt gcacgegtce agteacggcc atcgtgtcta cgttgcacta 5220 
cggaggcaag atgcgcacga ecaaeccgtg oaacaaaccc ataatcatag acaccacagg 5230 
acagaccaag cccaagccag gagacatcgt gt.taaeat.ge ttcegaggct gggcaaagea 5340 
gctgeagttg gactacegtg gacacgaagt e&tgacagca gcagcatctc agggectcac 5400 
cegeaaaggg gtatasgccg taaggcaga* ggtgaatgaa aatcccttgt atgeecctgc 5460 
gtcggagcac gtgaatgtae tgctgacgeg cactgaggat aggetggtgt ggaaaacget 5520 
ggccggcgat cscrggatta aggtcctatc aaacattcea cagggtaact ttacggccac 5580 
attggaagaa tggcaagaag aacacgaeaa aataatgaag gtgattgaag gaccggctgc 5640 
gcctgtggac gcgttecaga acaaagcgaa cgrtgtgttgg gcgaaaagec tggtgcctgt 5700 
ectggacaet: geeggaatca gattgacagc agaggagtgg agcaccataa titacagcatt 5760 
taaggaggae agagetfeaet etecagtggt ggccttgaat gaaatttgca ccaagtacta 5920 
tggagttgac ctggacagtg geetgttttc tgecccgaag gtgtccctgt attacgagaa 5B80 
caaeeactgg gata&eagac ctggtggaag gatgtatgga ttcaatgceg caacagctgc 5940 
caggctggaa gctagaoata ccttcctgaa ggggcagtgg catacgggca agcaggcagt 6000 
tatcgcagaa agaaaaatcc aaccgcttte tgtgctggac aatgtaattc ctatcaaccg 6060 
caggctgccg caegceetgg tggctgagta oaagacggtt; aaaggcagta gggttgagtg 6120 
gctggtcaat aaagtaagag ggtaccacgt cctgctggtg agtgagtaca acetggettt €180 
gcctcgacgc agggtcactt ggttgtcacc gctgaatgtc acaggcgccg ataggtgeta €240 
cgncctaagt ttaggaetgc eggctgaegc eggcaggttc gaottggtct ttgtgaaeat 6300 
tcacaeggaa ttcagaatcc accactaeca gcagtgtgtc gaceacgeca tgaagctgca 6360 
gatgcttggg ggagatgcgc tacgactgct aaaacecggc ggcatcttga tgagagetta 6420 
cggataegcc gataaaatoa gcgaageegt tgtttcctcc ttaagcaga* agtitctcgtc 6480 
tgcaag*gt.g ttgcgcccgg attgtgteac cagcaataca gaagtgttct tgctgttctc 6540 
caactttgaa aacggaaaga gaccctctac gotacaccag atgaataeca agctgagtge 6600 
egtgtatgec ggagaagcca tgcacaeggc egggtgtgea eeatectaca gagttaagag 6660 
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agcagacata gccacgtgca cagaagcggc 
tgtaggggat ggcgtatgca gggecgtggc 
agcaacaoca gtgggcacaa ttaaaacagt 
tgtagcgcct Mt^tetctg ecacgactga 
ctaccgggca gt ,gccgccg a&gtaaacag 
gctgtccaca ^-gagtgttca gcggcggaag 
ftttcaeagca *tggracgcca cggacgctga 
ggigaagaaa atecaggaag ccattgacat 
cgtggagctg &seacagact tggtgagagt 
gggctacagt aca&ctgacg ggtcgctgta. 
ggctgctatt gstiitggcag agataotgac 
acagatatgs c~stacgcgc tgggcgaaac 
gaacgattce gattcateaa cacctcccag 
gacagoagai& c^gategcee gccttaggtc 
atcttttcco etccogaaat accatgtaga 
tctcctgt-.a g&cccgaegg taccttcagt 
gacgga&cac tcsagatcggt cgttacgagg 
wr ttecaetgcs agegataeea tgtegetacc 
fj ctacgagcc;*! ^tggctccca tagtagtgac 
1-== cgcggacycg gcggcagatg tgcaccctga 
1~ gattcctwaik ccgcgcccga agagagctga 
W ggtgcoggrcg ccgagaaagc cgacgcctgc 
fUj tttgaegtte ggcgactttg acgagcacge 
=p cggagacttc gacgaegt.cc tgagactagg 
01 cacuggcagc ggacatttac aacaaaaatc 
* actggatgcg gtccaggagg agaaaatgta 
|=a getgttgctg etgaaaatge agatgcaecc 
H k tegeaaagtg gagaacatga aogccacggt 
Hi gtacaeggga gcggacgtag gccgcatacc 
yj gtaetcccot accgtgatcg aaag»ttcfcc 
-j3 cgaataccta tccagawtt acccaacagt 
ffi cgcatacttg gacatggttg acgggtcgga 
ggogaagete cggtgctaec cgaaacatca 
cgtcccgtca ccctttcaga acacactaca 
ctgcaacgtc acgcaaatgc gagaactacc 
gtgcttcaag cgctatgect gctcaggaga 
ccggataacc actgagaaca tcaetaccta 
tgcettgttc getaagaccc acaacttggt 
cacggtcgac atgaaacgag atgteaaagt 
acccaaagtc caggtaattc aagcagcgga 
ccacagggaa ttagtaagga gaetaaatgc 
tgatafcgtcg gecgaagact. ttgacgcgat 
ggttctagag acggaeattg c«tcattcga 
aggtttaatg atcctcgaag atctaggggt 
agactttggg gaaatatcca getgtcacct 
tatgatgaaa tcgggcatgt ttctgaettt 
agcaageagg gtactggagc agagactcac 
cgacaacatc gttcacggag tgatctccga 
ggfccaacatg gaggtgaaga tcattgacge 
tgggggatte atagtttttg aeagegtcae 
taagcgcctg tfce&agtfcgg gtaagcegct 
gcgacgagca ctgagtgacg aggttagcaa 
ggaggtggca ctaacatcta ggtatgaggt 
ggccaccttg gcgagggaea ttaaggcgtt 
ctacggeggt cetagafctgg tgegttaata 
atfcataggat, ccgegcgcgc gaatteggca 
geaaatgcaa ttaccacaat cctcactgca 



tgtggttise gcigetaacg cccgtggaac 6720 
gaagaaatgg ccgtcagcct ttaagggagc 67 BO 

catgtgeggc rcgtaecccg tcatccacgc 6840 
ageggaaggg gaccgcgaat tggccgctgt 6900 
actgtcaetg agcagcgtag ccatcccgct 6960 
agataggetg oagcaatccc tcaaccatct 7020 
cgtgaccatc tactgcagag acaaaagttg 7080 
gaggacggct gtggagttgc tcaatgatga 7140 
gcaceeggac agcagcctgg tgggtcgtfktt 7200 
etcgtacttt gaaggtacga aatteaacca 7260 
gttgtggccc agactgcaag aggcaaacga 7320 
aatggaeaac atcagateca aatgtccggt 7380 
gacagtgccc tgcctgtgcc gctacgoaat 7440 
acaecaagtt aaaagcatgg tggtttgctc 7500 
tggggtgcag aaggta&agt gcgagaaggt 7560 
ggttagtccg eggaagtatg ccgeatctac 7620 
gtttgaettg gaetggaeca eogactcgtc 7€30 
cagtttgcag tcgtgtgaca tegaotcgat 7740 
ggctgacgta caccctgaac ccgcaggcat 7800 
acccgcagac catgtggace tcgagaacoc 7860 
ataecttgec tcecgegcgg eggagcgaee 7920 
cccaaggact gcgtttagga acaagctgec 7960 
ggtcgatgcg ttggcctccg ggattacttt 6040 
ccgcgogggt gcatatattt tctcctcgga S100 
cgttaggcag cacaatctcc agtgcgcaca 6X60 
eccgceaaaa ttggatactg agagggagaa 9220 
atcggaggct aataagagtc gataccagtc 02BO 
gg&ggacagg ctcaeatcgg gggcca^tt B340 
aacatacgcg gttcggtaec cccgccccgt 8400 
aagecccga^ gtagcaatcg cagogtgcaa 8460 
ggcgtegtac cagat»acag atgaataega 8520 
tagttgettg gacagagcga cattctgcoc 858 0 
tgcgtaccac cagccgactg tacgcagtgc 6640 
gaacgtgcta gcggccgcca ccaagagaaa 8700 
caccatggac tcggcagtgt tqaacgtgga 8760 
atattgggaa gaatatgcta aacaacctat 8820 
tgtgaccaaa ttgaaaggcc cgaaagctgc 8880 
tccgctgcag gnggHtccca tggacagatt 8940 
cactccaggg acgaaacaca cagaggaaag 9000 
gccattggcg aocgcttaee tgtgcggcat 9060 
tgtgttacgc cetaacgtgc acacattgtt 9120 
catcgcctct cacttccacc caggagaccc 9180 
caaaagccag gacgactcct tggcrcttac 9240 
ggatcagtac ctgctggact tgatcgaggc 9300 
aecaactgge acgcgcttca agttcggagc 9360 
gtttattaac actgttttga acatcaccat 9420 
tgactcegec tgtgcggcct tcatcggega 9480 
caagctgatg geggagaggt gcgcgtcgtg 9540 
tgtcatgggc gaaaaacccc catatttttg 9600 
acagacegcc tgcegtgttt cagaeccact 9660 
aacagctgaa gacaagcagg acgaagacag 9720 
gtggttccgg acaggcttgg gggccgaact 9780 
«9*SSt«tgo aaaagtatcc tcatagcseat 9B40 
ta&gaaattg agaggaccf.g ttatacaect 9900 
cacagaattc tgattggatc atagegcaet 9960 
cgagtaacaa tggagttgct aatccteaaa 10020 
gtcacatttt gttttgertte tggteaaaac 10080 
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atcactgaag aattttatca atcaacatge agtgcagtta gcaaaggcta tcttagtgct 10140 
Ctpgaaetg gttggtatac cagtgttata actatagaat taagtaatat eaaggaaaat 10200 

aagtgtaatg gaacagatgc taaggtaaaa ttgataaaac aagaattaga taaatataaa 10260 
aatgctgtaa cagaattgca gttgctcatg caaagcacac cagcagcaaa aaatcgagcc 10320 
agaagagaac taccaaggtt tatgaattat aeactcaaca atgecaaaaa aaccaatgta 10380 
acattaagca agaaaaggaa aagaagattt cttggttttt tgttaggtgt tggatctgca 10440 
atcgccagtg gcgttgctgt atctaaggtc atgcacctag aaggggaagt gaacaagatc 10500 
aaaagtgctc tactatccac aaacaaggct gtagtcagct tatcaaatgg agttagtgtc 105 60 
ttaaccagca aagtgttaga cetcaaaaac tatatagata aacaattgtt acctattgtg 10620 
aacaagcaaa gctgcagfiat atcaaatata gaaactgtga tagagtteca aeaaaagaac 10680 
aacagactac tagagattac cagggaattt agtgttaatg caggtgtaac tacacctgta 10740 
agcacttaca tgttaactaa tagtgaatta ttgtcattaa tcaatgatat gcctataaca 10800 
aatgateaga aaaagttaat gtccaacaat gttcaaatag ttagacsgca aagttactct 10860 
atcatgtcca taataaaaga ggaagtctta gcatatgtag tacaattace actatatggt: 10920 
gttatagata caacctgttg gaa&ctacac aeatceeete tatgtaeaac eaacacaaaa 10980 
gaagggtcca acatctgttt aacaagaaet gaeagaggat ggtaetgtga caatgcagga 11040 
Otcagtatctt tcttcccaca agctgaaaca tgtaaagttc aatcaaateg agtattttgt 11100 
=il gacacaatga acagtttaac attaccaagt gaaataaatc tctgcaatgt tgacatattc 11160 
aaccccaaat atgattgtaa aattatgact tcaaaaaaag atgtaagcag ctccgttatc 11220 
J3 aeatctetag gagccattgt gtcatgctat ggcaaaaata aatgtacagc atccaataaa 11280 
p aatcgtggaa teataaagac attttctaae gggtgcgatt atgtatcaaa taaagggatg 11340 
iy gacactgtgt ctgtaggtaa cacattatat tatgtaaata agcaagaagg taaaagtctc 11400 
=p tatgt.aaaag gtgaaccaat aataaatttc tatgacccat tagtattccc ctctgatgaa 114 60 
01 tttgatgcat caatatctca agtcaacgag aagattaacc agagcctagc atttattcgt 11520 
= aaatccgatg aattattaca taatgtaaat gctggtaaat ccaccacaaa tatcatgact 11580 
Uk tgataatgag gat Seagate ccgggtaatt aa-ctgaatta catccctacg caaacgtttt 1164 0 
La acggccgceg gfcggcgcccg cgcceggegg ccegtccttg gccgttgcag gccacteegg 11700 
l==i tggctcccgt cgtcccogac ttecaggccc agcagatgca gcaactcato agcgccgtaa 11760 
Li atgcgctgac aatgagacag aacgcaattg ctcctgctag gcctcccaaa ecaaagaaga 11820 
^ agaagacaac caaaccaaag ccgaaaacgc agcccaagaa gataaacgga aaaacgcagc 11B80 
=5 agcaaaagaa gaaagacaag caagccg&ca agaagaagaa gaaacccgga aaaagagaaa 1194Q 
^ gaatgtgcat gaagattgaa aatgaetgta tcttcgtatg eggctagcca cagtaacgta 12000 
gtgtttecag acatgtcggg caccgcacta tcatgggtgc agaaaafcctc gggtggtetg 12060 
ggggccttcg caatcggcgc tatccfcggtg ctggttgtgg taacttgcat tgggctccgc 12120 
agataagtfca gggtaggcaa tggcattgat a-tagoaagaa aatfcgaaaac agaaaaagtt 12180 
agggtaagca atggcatata accataactg tataacttgt aacaaagcgc aacaagacct 12240 
gcgcaattgg ccccgtggtc cgcctcacgg aaactcgggg caactcatat tgacacatta 12300 
attggcaata attggaagct taeataagct taattcgacg aataattgga tttttatttt 12360 
attttgcaat tggtttttaa tatttccaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 12420 
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaacta gcgggtcggc afcggeatctc 12480 
cacctecteg cggteegacc tgggcatccg aaggaggacg cacgtccact cggatggcta 12540 
agggagagat ccagatctgc tgtgccttct agttgccagc catctgttgt ttgcccctcc 12600 
cccgtgcctt ccttgaccct ggaaggtgcc acteccactg tcctttccta ataaaatgag 12660 
gaaattgcat cgcattgtct gagtaggtgt cattctattc tggggggtgg ggtggggcag 12720 
gacagcaagg gggaggattg ggaagacaat agcaggcatg ctggggatgc ggtgggetct 127 SO 
atgggtaccc aggtgctgaa gaattgaccc gg-ttcetcct gggccagaaa gaagcaggca 12840 
catccccttc tctgtgacac accctgtcca cgcccctggt tcttagttcc agacccactc 12900 
ataggacact catagctcag gagggctccg ccttcaatcc cacccgctaa agtacttgga 12960 
gcggtctctc cctccctcat cagcccacca aaccaaacct agcctccaag agtgggaaga 13020 
aattaaagca agataggcta ttaagtgcag agggagagaa aatgcctcca acatgtgagg 13080 
aagtaatgag agaaatcata gaatttcttc cgcttcctcg ctcactgact cgctgcgctc 13140 
ggtcgttcgg ctgcggcgag cggtatcagc tcactcaaag gcggtaatac ggttatccac 13200 
agaatcaggg gataacgcag gaaagaacat gtgagcaaaa ggccagcaaa aggccaggaa 13260 
ccgtaaaaag gccgcgttgc tggcgttttt ccataggctc cgcccccctg acgagcatca 13320 
caaaaatcga cgctcaagtc agaggtggcg aaacccgaca ggactataaa gataccaggc 13380 
gtttccccct ggaagctccc tcgtgcgctc tcctgttccg accctgccgc ttaccggata 13440 
cctgtccgcc tttctcc'ctt cgggaagcgt ggcgctttct. aatagctcac gctgtaggta 13500 
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tctcigttcg gtgtaggtcg ttcgetceaa gctgggetgt gtgcacgaac cccccgttca 13560 
gecegaccgc fcgegccttat ccggtaacta tegtcttgag tecaacccgg taagacacga 13620 
cttatcgcca etggcagcag ccactggtaa caggattagc agagcgaggt atgtaggcgg 13680 

tgctaeagag ttettgaag* ggtggeetaa ctaeggctac aetagaagaa cagtatttgg 13740 

tatctgcgct ctgetgaagc cagttacott cggaaaaaga gttggtagct cttgatccgg 13800 

caaacaaacc accgctggta gcggtggttt ttttgtttgc aagoagcaga ttacgcgeag 13860 

aaaaaaagga tctcaagaag atcctttgat ettttctacg gggtetgacg ctcagtggaa 13520 

cgaaaactca cgl:taaggga ttttggtcat gagattatca aaaaggatct tcacctagat 13980 

esttttaaat ta&aaatgaa gttfctaaate aatctaaagt atatatgagt aaacttggfec 14040 

tgacagttac caa-tgcttaa tcagtgaggc aectatctea gcgatctgte tatttcgttc 14100 

jtccatagtt gcctgactcg gggggggggg gcgctgaggt etgcetcgtg aagaaggtgt 14160 

tgctgactca taceaggect gaategceec ataatccagc cagaaagtga gggagccaeg 14220 

gttgatgaga gatttgttgt aggtggacca gttggtgatt ttgaaetttt gctttgecac 14280 

ggaacggtct gegttgtcgg gaagatgcgt gatetgatec tteaaeteag caaaagttcg 14340 

atttattcaa caaagcegcc gteecgteaa gtcagcgtaa tgctctgcca gtgttacaac 14400 

eaattaacea attgtgatta gaaa&actea tcgagcatca aatgaaaetg caatttatte 14460 

atatcaggat tatcaatacc atatttttga aaaagccgtt tctgtaatga aggagaaaac 14520 

tcaccgaggc ag£taoatag gatggcaaga teetggtatc ggtctgcgat tccgaotcgt 14580 

ceaacatcaa tacaacctat taafettecec tcgtcaaaaa taaggttate aagtgagaaa 14640 

tcaceatgag tgacgactga atccggtgag a&tggcaaaa gcttatgcat ttctttccaa 14700 
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after boosting 
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Figure ftSFV Eco RV-Spe I fragment iigated to ribozyme 



atcggoagfcg cgocttcoag gagaatgntg tctaegeaea aataeeaetg cgtatgccct 60 
atgcgcagcg cagaagaccc cgmaaggcts gatagctacg caaagaaact ggoagcggcc 120 
tccgggaagg tgctgg&tag agsgatcgca ggaa&satca cegacctgea gaccgtcatg 280 
5 gctacgccag acgcfcga&tc tcctaccfctt tgcctgeata eagacgteac gtgtcgtaeg 240 
gcagccgoag tggccgtata ccaggacgtg tafcgctgtac afcgcaccaac atcgetgtac 300 
catcaggcga tgaaaggfcgt cagaacggcg tattggafctg ggtttgacae caccccgttt 360 
atgtttgacg cgsfcagcagg cgcgtafccca acctacgcca eaaaetgggc egacgagcag 420 
gtgtfcaeagg eeaggaaaat aggactg&gt gcagaatcct tgactgaggg aagacfcegge 480 

10 aa&otgtcea ttctccgcaa gaagc&attg aaaecttgcg acaeagtcat. gttctcggta 540 
ggsstctacat tgtacaefeg* gageagaaag efcaefcgagga gctggcacfct accafcccgfca 600 
fctoeaeetga aaggfcaaaca atccfcfctaec tgtaggtgcg afcaecatogt afccatgtgaa ££0 
gggtacgtag ttaagaaaac cacfcafcgtgc cccggcctgt acggtaaaae ggtagggtae 730 
gccgtgacgt atcacgcgga gggattccta gtgtgcaaga ccacagacac tgtcaaagga 780 

15 gaaagagtct eatteect-gt. atgcaccfcac gtccecteaa ca*tcfcgtg» tcaaatgact 840 

- ggcatactag cgaocgacgt aacaceggag gaogcaeaga agrtcgttagt gggattgaat 900 
~ cagaggatag ttgrgaacgg aagaac&cag cgaaacact* aoacgatgaa gaaotatctg 960 

cttccgattg togccgrtcgc at&tagcaag tgggogaggg aataeaaggo agaecttgafc 1020 

- gatgaaaaac ctatgggtgt ccgagagagg tcac&t&ctt gccgetgctfe gtgggcattt 1080 
20 aaaacgagg* *gafcge»cac catgtacaag afcaceagaoa ccc&g&eaat agtgaaggtg 1140 

~ eetfcoagagt fct*»«fc«g"tt ogfcsatcccg agcctatggt. ctaeaggcct cgcaacocca 1200 
-f gtcagatcac gcafcfca&gat gcttttggcc aagaagacca agcgagagtt aatacefcgfct 126 Q 
= ' ctegaogcgfe egtoagecag ggatgofcg** ea&gaggaga agg*g*ggtt ggaggocgag 1320 
ctgactagag aagcctcacc aeccetcgtc eecategega eggsggagac gggagtcgtc 1380 
2$ gaogfccgacg ttgaagaaet agagtatcac gcaggtgcag gggtcgtgga aacaectcgo 1440 
agegegtfcga aagtoacege acagccgaac gaegtactac taggaaatta cgtagttefcg 1500 
tccccgeaga ccgtgctcaa gagctecaag ttggcccccg fegcaceefcct agoagagcag 1560 
gtgaaaataa taac&eataa egggagggee ggcggttacc aggtcgacgg afcatgacgge 1620 
agggteefcae tacaatgrfcgg afeeggccatfc ccgytccctg agtttcaagc tttgagcgag 1680 
W agcgccacta tggtgtacaa cgaaagggag ttcgtcaaaa ggaaacba&a ocatattgcc 1740 
grfctcacgg&c: agtsgafcgaa. eaccgaegag gagaactecg agaaagtcag agatgaaaga 180 O 
actgacgocg &gt«cgtgtt cg«cstag»t aaaaaatgct gcgtcaagag agaggaagcg i860 
tcsgggtttgg tgttggtggg agagctaaoo aaccccccgt tceatgaatt cgcctacgaa 1920 
gggetgaaga tcaggocgec ggeaeeatat aagactaeag tagtaggagt ctttggggtt 1980 
35 ccgggateag gcaag+ctgc tattattaag agsctcgtg* eeaaacaega tctggtcacc 3040 
ag^ggcaaga aggagaaccg ccaggaaata gttaacgaog tgaagaagca ccgcgggaag 2100 
gggaca&gta ggg&aaacag tgactccatc ctgctaaacg ggtgtcgteg tgccgtggac 2160 
atcctatatg tggacgaggc ttfeegcttge eattaeggta ctotgetggc cetaattgct 2220 
cttgttaaac ctcggagcaa agtggfcgtita tgcggagaoc ecaagcaatg cggattcfetc 2280 
aatatgatge agottaaggt; gaacttcaao eaeaacatcfe gcactgaagt atgtcataaa 2340 
agtatatcca gacgtt.gcac gcgtrcciagtc aoggeaatcg tgtctao^tt gcncfcacgga 2400 
ggsaagatgc goacgaccaa cct^gtgcaac aaacccata* tcatagacac caoaggaoag 2460 
aacaageeca agccaggaga eategtgtt* aeatgettcc gaggstgggc aaagcagctg 2520 
cagfctggaat accgtggaca cgaagtcatg acagoagoag catateaggg ectcaceogo 2580 
Aiaggggtat acgccgtaag gcagaaggtg aatgaaaatc ecttgtatgc ccctgcgtcg 2640 
gagcaeguga atgtaetgct gacgcgcact gaggataggc tggtgtggaa aacgctggcc 2700 
ggcgatccet ggat£aagigt octate**ac attccacagg gtaactttac ggecacattg 27S0 
gaagaatggc aagaagaaca cgacaaaat* atgmaggtga ttgaaggace ggctgcgcet 2820 
gtggaegcgt teoagaacaa agcgaacgfcg tgttgggcga aaagcctggt gcctgtcatg 2880 
gacactgccg gaatcagatt gacagcagag gagtggagca ccataattac agcatttaag 2340 
gaggacagag cttactctcc agtggtggcc ttgaatgaaa tttgeaceaa gtaetatgga 3000 
gttgaectgg acagtggcct gttttctgcc ccgaaggtgt ccctgtatta ogagaaeaae 3060 
cactgggata acagacetgg tggaaggafeg tatggatcea ftfcgccgcaac agctgccagg 3120 
ctggaagcta gacafcacctt cctgaagggg cagtggcata cgggoaagca ggcagttatc 31S0 
gcagaaagaa aaatccaacc gctttctgtg ctggacaatg taattcctat caacogcagg 3240 
ctgccgcacg ccctggtggc tgagtaeaag aeggttaaag gcagtagggt tgagtggctg 3300 
gtcaataaag taagagggta ccacgtcetg etggtgagtg agtaaaacct ggatttgcct 3360 
egacgeaggg tcacfctggtt gtcaccgotg aatgteacag gcgeorgatag gtgctacgae 3420 
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ct&agtbt&g gactgccggc tgacgccggc iggttegact tggtctttgt gaacattcac 3480 
acggaattca gaatccacoa ctaeeagcag tgtgtegaec aegccatgaa gctgcagatg 2540 

ctfcgggggag atgcgefcacg actgctaaaa cccggcggc* tcttgatgag agcttacgga 3600 
tacgcc^ata aaatcagcga agecgttgtt tcctecttaa gcagaaagtt ctegtctgca 3S60 
S agtgtgttgc geccggafctg tgtcaccage aatacagaag tgttcttgct gttctccaac 3720 
tttgacaacg g&aagagacc ctctacgcta caccagatg* ataccaagct gagtgccgtg 3760 
tatgccgg*g aagccatgca cacggccggg fcgtgoaecat: ectacagagfc taagagagca 3840 
gacatagcea cgtgeaeaga ageggctgtg gfctaaegcag et-aacgeccg tggaaotgta 1900 
ggggatggcg tatgeagggc cgtggogaag aaatggccgt cagccttta* gggagcagca 3 960 
10 acuccagtgg gcacaattaa aacagtcstg fcgcggctcgt aeccegteafc ccacgctgxa 4020 
gcgoctaafct tctdfcgccae gactgaagcg gaaggggacc gegaattggc cgotgtctae 4080 
cgggoagfcgg eegeegaagt aaaeagactg tcactgagca gcgtagccat cccgctgctg 4140 
tccacaggag fcgttcagcgg cggaagagat aggctgcagc aatccctcaa ccatctattc 4200 
acagcaa&gg acgccaegga cgctgacgtg aocatctact gsagagaca* aagttgggag 4260 
15 aagaaaatcc ag«a*gccat tgacatgagg acggefcgfcgg agtfcgctcaa fcgatgacgtg 4320 
O gagcfcgacea. cagacttggt gagagtgcac ccggacagca gcctggtggg tcgtaagggc 4380 
=,13 tacagfcacca ctgacgggfcc gcfcgtaetcg fcaccttgaag gtaegaaafct caaccaggcfc 4440 
il gctattgata tggoagagat aptgaegttg tggceeagaa tgcaagaggc aaacgaaoag 4500 
■ ; atacgcctat acgcgctggg cgaaacaatg g&caacatca gatccaaatg tccggtgaao 4560 
20q gattcegatfc eatoaacacsc tsccaggaca gtgcoetgcc fcgtgccgcsa ogrcaatgaca 4620 
^1 gcigaacgg* fcagcccgeot taggfcoacae eaagtfcaaaa gcatggfcggt fctgeteatct 4680 
]Z tttccactec cgaaafc&cca tgfcagatggg gtgcagaagg taaagtgoga gaaggttetc 4740 
g ctgttcgacc cgacggtacc fctcagfcggtt agtcogcgga agtatgcegc atctacgacg 4800 
f : gaacacteag atcggfccgtt aegagggttfc gacttggact ggaccaccga ctcgtcttcc 4860 
25; = aefegecagcg ataccatgfcc getacccagt fctgcagfcegt gtgaaatcga atcgatctac 4920 
f7 gagc=aatgg atcecafcagfc acytgacggcfc gaegtaaacc cfcgaacccge aggeafccgog 49BQ 
gacec gge^g cagatgtgea ccctg«*ccc gcagaecaeg tggacetoga, gaaaaogatt 5040 
jm= cctccaccgc gcccgaagag agctgaatac cttgcctcca gegeggcgga gogaccggtg 5100 
UJ ccggcgccga gaaagccgac gcctgcceca aggactgcgt ttaggaacaa getgcctfctg 5160 
30 acgtfceggcg aetfctgacga gcacgaggtc gatgcgttgg cctccgggat tactttcgga 5220 
ui gaeetcgmcg acgtactgeg actaggccgc g ciy ggt gcat at&ttttetc ctcggacact 5280 
ggcagcggac atttac*aca aaaatccgtt aggaagcaca atcfcccagtg cgcacaactg 5340 
gatgeggtoc aggmggaga* aatgtacccg coamaattgg atactgagag ggagaagcfcg 5400 
ttgctg^tga aaatgcagat gcaccaatcg gaggctaata agagtcgata ccagtctcgc 5460 
35 aaagtggag* acatgaaage cacg gfc ggtg ganaggctca catcgggggc cagattgtaa 5520 
t&cgggagsgg aegtaggecg cataooaaca tacgcggttc ggtacccccg coccgtgtac S580 
tcccctaccg tg#.tcgaaag attoteaagc cc^gatgtag caatcgcagc gtigcaacgaa 5640 
ttacctaticca gaaattancc aacagtggcg tcgtaacaga taacagatga atacgacgca 5700 
tacttggaca tggttgacgg gtcggatagt tgcttggaca gagcgacatt ctgcccggcg 5760 
40 aagcteeggt gctacccgaa acatcatgcg taccaccago cgaetgtacg eagtgcegtc 5820 
ccgt^*ccct ttcagaacac acsacagaac gtgct«gcgg ccgccaccaa gagaaactgc 5880 
aaegfceacge aaatgcgaga actaecoaee atggactcgg oagtgttcaa cgtggagtgc S940 
tteaagcgct atgcetgcte cggagaatat tgggaagaat atgctaaae« iteetateee© 6000 
ataaeoactg agaaoate&c taaatatgtg *cci»attg* aaggeeegaa agctgctgcc 6060 
45 ttgttcgcta agaeccacaa cttggttcag ctgcaggagg fctcccatgga cagactcacg 6120 
gtcgacatga aacgagatgt caaagteaot ecsagggacga aacacacaga ggaaagaccc 6180 
aaagtccagg taattcaaga agcggagcca ttggcgaceg cttaoetgfeg cggcatccac 6240 
agjgaattag taaggagaot aaatgctgtg ttacgcccta acgtgcacac attgttfcgat 63 oo 
afe9te93eeff a *9* ctfct 3a cgcgateatc gcctctcact tccacccagg agacooggtt 6360 
50 ctagagacgg acattgcatc attcgacaaa agccaggacg aetccttggc tcttaoaggt 6420 
tt»atgatcc tcgaagatct aggggrtgg»t cagtacctgc tggacttgat cgaggcagcc 6480 
tttggggaaa tatccagctg fccacctacca actggcacgc gcttcaagtt cggagctatg €540 
acga aate gg gcatgtttct gaetttgttt attaacuctg ttttgaacat caecatagca 6600 
agcagggtac t;ggagcagag actcactgac tcegcctgtg cggoottcat qggcgacgac 6660 
55 aacatcgctc aaggagtgat ctccgacaag ccgatggcgg agaggtgegc gtegtgggte 6720 
aaeatg^agg tgaagas cat tgacgctgtc atgggcgaaa aacccccata tttfctgfcggg 6780 
ggattcatag tttttgacag cgtcaeaeag aecgocfcgec gtgttteaga eccacttaag 6840 
cgcct^ttca agctgggtaa gccgctaaea gctgaagaea agcaggaega agaeaggcga 6900 
cgagcactga gtgacgaggt fcagcaagtgg tfecc^gaoag gcttgggggc cgaactggag 6960 
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gtggcactaa catct&ggta tgaggtagag ggetgeaaaa gtateeteat agccatggce 7020 
iccttggega gggaeattaa ggcgtttaag aaattgagag gacctgttat aoacctetae 7080 

ggcggtecta gafctggfcgeg tfcaataeaca gaattctgat tggatcatag egoaetatta 7140 
taggatccag st&aec g gtj t a atttaafctga* ttacatccct acgcaaacg^ tttacggccg 7200 
5 ccggtggcgc csgcgeccgg cggcccgfccc tfcggecgttg caggeaaetc oggtggotcs 7260 
cgtcgtcocc gaattccagg «;aaagc&ga£ gcagoaacfcc «tcagcrgceg taaatg-cgct 7320 
gacaetgaga cagaacgca* ttgcfccctge fcaggccfcece aaaccaaaga agaagaagae 7380 
aaccaaacca aagccgaaaa cgcageccaa gaagatcaac ggaaaaacgc agcagcaaaa 7440 
gsegaaagac aagcaagccg acaagaagaa gaogmaaccc ggaaaaagag aaagaatgtg 7500 
10 eatgaaga^t ga&a&fcgacfe gtafccfcfcegt atgcggetag ccaeagtaac gtagfcgtttc 7560 
eagae&tgtc gggc&ec^ea ctatcatggg tgcagaaaat ctcgggtggt ctgggggcet 7620 
fcegeaafcegg egsfcatt?Gtig gtgetggttg tggtcacttg eattgggcte cgcagataag 7680 
ttagggtagg eaatggrcatt gatatagcaa gaaaattgaa aaeagaaaa* gttagggta* 7740 
gcaafcggcafc ac%«caatts ctgfcataaefc tgtaacaaag cgcaacaaga cctgcgaaafc 7800 
15 cg^cccegt-g gtecgcctca oggaaaotcg gggcaaotca tatt.ga.caca ttaattggoa 7860 
r ataattgg&a gsfcfcaeafcaa getfcaafcfcag aagaataafcfc ggatttttat ttfcattfcfcge 7920 
^ aattggfctfct ta&tatifcfeae aaaaaaaaaa aaaaaaaasa aaaaaaaaaa aaaasaaaaa 7980 
„ aaaaaaaaaa *?4aaaa&aaa m&muma ctag c g gg fco ggoatggoat ctccacctcc 8040 
fccgcggtocg ^ectgg^^at ocgaagg&gg acgcacgfccc actcggatgg ctaagggaga 8100 

20. 
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